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SYSTEM FOR DOING SERVICE LOCATION MANAGEMENT TAKING INTO 
ACCOUNT THE NODE AND NETWORK CHARACTERISTICS 

RELATED U.S. APPLICATION 

This application claims priority to the copending provisional patent 
application, Serial Number 60/471,851, Attorney Docket Number 200312253- 
1.PRO, entitled "Architecture for Distributing and Managing Streaming Media 
Services," with filing date May 19, 2003, assigned to the assignee of the present 
application, and hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

Embodiments of the present invention pertain to servicing and delivery of 
content over a network. 

BACKGROUND ART 

The servicing of content for delivery over computer system networks 
facilitates the dissemination of content that is conveniently accessible and 
suitable for end user consumption. Typically, people locate desirable content 
sites (e.g., a video-based movie web page) during their web browsing forays 
with their desktop or laptop machines. These devices are well suited to the input 
(e.g., Uniform Resource Locators or search queries) and output (e.g., reliable, 
high-bandwidth connections) requirements associated with web browsing to 
locate and access available content. Once such sites are located, web users 
may subsequently try to connect to them using mobile devices such as video- 
enabled personal digital assistants (PDAs) or cell phones. 
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To accommodate the diversity in user (client) devices, content providers 
have to be able to support a wide range of different bit rates (according to the 
bandwidth of the connection), video frame rates (according to the processing 
power available at the client device, which itself varies dynamically according to 
power management strategies employed by the client device), video frame 
sizes (according to the display size available at the client device), or the like. 

One way to address these problems is to endow the network with the 
ability to transcode media data as it is streamed, so that it arrives at a client 
device in a format that is tailored to the client device. In other words, processing 
is performed by the network on an input media content stream, so that an output 
content stream is produced with a different bit rate, video frame rate, video 
frame size, or other parameters, that makes the output content stream more 
suitable for consumption on the client device. This transcoding operation may 
be thought of as a service provided by the network. Inefficiencies such as the 
selection of a transcoding service to perform a service when the resources of 
the selected transcoding service are already taxed can degrade system 
performance. 

Because of such inefficiencies, client devices may be required to wait 
extended periods if a server is managing many separate request to perform 
content processing and transmitting tasks (e.g., the sending of media files to 
different requesting client devices). Moreover, a streaming media file can be 
very large thus adding to the time required to complete the requested 
processing on the content. This can be frustrating to a client device user 
especially if he or she is trying to complete a project before an approaching 
deadline. Conventional content servicing and delivery systems do not provide 



2 



200313228-1 



the type of media processing and analysis performed within the network, that 
would allow content, modified content, or data derived from content available 
through the network, to be delivered to client devices most efficiently making the 
best use of system resources. 
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DISCLOSURE OF THE INVENTION 

Embodiments of the present invention pertain to methods and systems 
for selecting media service providers based on static resource information. A 
type of service to be performed on an item of content is identified. The item of 
content is identified during a session with a client device. A service provider is 
selected from a plurality of service providers. The selection is based on static 
service provider and static network information. The selection of a service 
provider is further based on service session information if the service session 
information has been received. Information is provided for transferring the 
session to the selected service provider. The selected service provider performs 
the service on the item of content. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and form a part 
of this specification, illustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the invention: 

Figure 1 is a block diagram showing information flow in and out of a 
system for servicing and delivering content based on resource availability 
according to one embodiment of the present invention. 

Figure 2A is a block diagram showing information flow in and out of a 
system for servicing and delivering content based on resource availability 
according to one embodiment of the present invention. 

Figure 2B is a block diagram showing information flow in and out of a 
system for servicing and delivering content to a client device according to yet 
another embodiment of the present invention. 

Figure 3 illustrates a method for servicing and delivering content based 
on resource availability according to one embodiment of the present invention. 

Figure 4 illustrates a method for managing the servicing of content based 
on resource availability according to one embodiment of the present invention. 

The drawings referred to in this description should not be understood as 
being drawn to scale except if specifically noted. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

Reference will now be made in detail to various embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. 
While the invention will be described in conjunction with these embodiments, it 
will be understood that they are not intended to limit the invention to these 
embodiments. On the contrary, the invention is intended to cover alternatives, 
modifications and equivalents, which may be included within the spirit and 
scope of the invention as defined by the appended claims. Furthermore, in the 
following description of the present invention, numerous specific details are set 
forth in order to provide a thorough understanding of the present invention. In 
other instances, well-known methods, procedures, components, and circuits 
have not been described in detail as not to unnecessarily obscure aspects of 
the present invention. 

Figure 1 is a block diagram of a system 100 for servicing content 
supplied by a content source 110 and for delivering the service result content to 
a client device 150 according to one embodiment of the present invention. 
According to one embodiment of the present invention, service location 
manager (SLM) 120 can select a service provider (e.g., 130 and 132) based on 
static resource information. For purposes of the present application static 
resource information is comprised of known network and service provider 
characteristics that includes but is not limited to, computational and memory 
resources of network coupled devices, expected bandwidth/latency between 
servers, dispatch history, network proximity, session information (e.g., session 
initiation and termination information) and client/content addresses. In addition, 
according to some embodiments special purpose hardware (e.g., encryption or 
compression) will be known, allowing the SLM 120 to take into account 
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characteristics of the special purpose hardware in its selection of suitable 
service providers. According to one embodiment, service providers under the 
control of the SLM 120 can transmit information to the SLM 120 that indicates 
that a session has been initiated and terminated. This information allows the 
SLM 120 to adapt its selection of a service location (e.g., service provider) to 
coincide with available resources, without relying on measurement collection. 
Figure 1 shows content source 110, service provider 132, service location 
manager 120, service provider 130, portal 140 and client device 150. 

Messages A and B represent (shown in Figure 1) information 
transmissions sent from the service providers (e.g., 130 and 132) to SLM 120 
that indicate that a service session has been initiated and terminated. This 
information provides the SLM 120 with useful data regarding the computational 
resources used in previous service sessions, and provides an accurate view of 
service provider (e.g., 130 and 132) resource state. 

The service location manager (SLM) 120, the service providers 130 and 
132, and the portal 140 are logical entities that can be implemented on a single 
device or using multiple devices. Thus, system 100 can be representative of, for 
example, a single computer system that implements the functionality of SLM 
120, service providers 130 and 132, and portal 140. Alternatively, system 100 
can encompass different nodes or devices in a computer system network. 
These nodes may be server computer systems, switches, routers or the like, 
having processing and memory capabilities sufficient to perform the various 
functionalities to be described herein. Generally speaking, the functionality 
provided by system 100 can be implemented using one or more devices. 
Furthermore, although system 100 is described for a single service location 
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manager 120 and portal 140, there can be more than one of any of those 
elements. In addition, there can be more than two service providers (e.g. ,130 
and 132). 

System 100 can be implemented in an existing computer system network 
by overlaying the functionality of SLM 120, service providers 130 and 132, 
and/or portal 140 onto the existing network. That is to say, all or a part of the 
functionality provided by system 100 can be incorporated into existing network 
nodes. Alternatively, all or part of system 100 can be implemented by adding 
nodes into an existing network. For example, existing content sources and 
portals may be used, with nodes added for servicing content and for managing 
service providers. 

In the present embodiment, system 100 can communicate with a content 
source 110 and a client device 150. Although described for a single content 
source 110 and client device 150, there can be more than one of each of those 
elements. Communication between system 100, content source 110 and client 
device 150, as well as communication within system 100, can be wireless. 

Client device 150 can be virtually any kind of user device such as, but not 
limited to, a desktop or laptop computer system, or a video-enabled handheld 
computer system (e.g., a portable digital assistant) or cell phone. In general, 
client device 150 is used to request and subsequently receive an item of 
content. 

An item of content refers to media or non-media data that can be live or 
recorded. An item of content can include, but is not limited to, video-based data, 
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audio-based data, image-based data, web page-based data, graphic data, text- 
based data or some combination thereof. For example, an item of content can 
be a movie of digital video disk (DVD) quality. 

A type of service may need to be performed on the item of content before 
the content is provided to client device 150. Types of services can include the 
processing of an item of content and/or the analysis of an item of content. For 
example, types of services can include video processing such as, but not limited 
to, transcoding, jitter removal, dynamic clipping based on facial recognition, 
video analysis, resizing of the video, optical character reading from video, 
background removal, and the like. 

Additionally, types of services can include audio processing such as, but 
not limited to, background removal, audio enhancement, audio speed up or 
slow down, audio enhancement, noise reduction, speech recognition, audio 
analysis, and the like. The analysis of an item of content can include, for 
example, speech recognition that produces a text transcript, or optical character 
recognition applied to one or more video images of a video stream to produce a 
text output. A video-based person tracking service that outputs a stream of 
records of person location and times is another example that can be used to 
illustrate analysis of an item of content. The locations might be expressed in 
terms of image coordinates, but may be more useful when expressed in terms of 
physical world coordinates (e.g., "x,y" coordinates referenced to the floor of a 
room). Another example that can be used to illustrate an analysis of an item of 
content pertains to a face detector service that outputs snapshots of faces 
extracted from a video stream, the times and image locations at which the 
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snapshots were detected, identities for the faces, and/or the classification of the 
faces. Some portion of this information can be represented as text data. 

As used herein, an item of content may have been serviced, may be in 
the process of being serviced, may not be serviced, or may not yet be serviced. 
In other words, an item of content, whether serviced or not, can still be referred 
to as an item of content. Servicing of an item of content can include the analysis 
or processing of an item of content. When necessary for clarity of discussion, the 
result of servicing an item of content is referred to herein using terms such as 
"service result" or "service result content" or "service result data." Service result 
content may consist of: a modified version of the original serviced item of 
content (e.g., when background removal is applied to a video stream); an item 
of content that is derived from the original item of content (e.g., when optical 
character recognition is used to produce text output); an item of content that is 
passed through a service provider and is not modified but merely forwarded 
(e.g., content that does not require transcoding when received by a transcoding 
service provider); or an item of content that has been previously sent to a 
service provider and is now cached/stored on the service provider (e.g., content 
that was previously serviced and is now stored in memory at the service 
provider). Additionally, service result content may consist of any combination of 
the above examples. 

Continuing with reference to Figure 1, service providers 130 and 132 
each function to provide one or more types of service. That is, service providers 
130 and 132 can each provide multiple and different types of services. For 
example, service provider 130 can be used for transcoding one item of content 
and for background removal of another item of content. Different types of 
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services can be performed in parallel on different items of content. That is, 
service providers 130 and 132 can perform a service on different but concurrent 
content streams. Service providers 130 and 132 can also provide caching 
services. For example, service provider 130 or 132 can cache an item of 
content, in whole or in part, before the item of content is serviced by service 
provider 130 or 132. Similarly, service provider 130 or 132 can cache the 
service result, in whole or in part, before the service result content is forwarded 
to the client device 150. 

Portal 140 is a well-published portal site that serves as the first point of 
contact between client device 150 and system 100. Content source 110 is the 
source of the item of content. 

Service location manager (SLM) 120 selects a service provider (e.g., 
service provider 130 or 132) that can perform the type of service that may need 
to be performed on the item of content before the service result is provided to 
the client device 150. According to one embodiment, this selection can be made 
based on available service provider resources determined as described herein. 
Service providers 130 and 132, and any other available service providers, are 
known to SLM 120. The type or types of services that each service provider can 
perform, or can be made to perform, are also known to service location 
manager 120. 

The manner in which SLM 120 selects a service provider is more fully 
described below. Operations in this process are represented by single headed 
arrows and correspond to messages 1-6 shown in Figure 1. The single headed 
arrows A and B shown in Figure 1 represent communications from the service 
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providers (e.g., 130 and 132) to the SLM 120. According to one embodiment, 
these communications can involve session startup and teardown information 
(e.g., session initiation and termination information) that provides the SLM 120 
with an accurate view of service provider (e.g., 130 and 132) resource state. 
This information along with information that is maintained or is accessible by the 
SLM 120 regarding other network and service provider characteristics is used 
by the SLM 120 in the selection of a service provider (e.g., 130 and 132) that is 
suitable to perform a particular service based on available resources. 

Again referring to Figure 1, at the beginning of a session, client device 
150 sends message 1 to portal 140. Message 1 identifies a particular item of 
content (e.g., the name of a movie). 

Also, in one embodiment, message 1 includes information sufficient for 
identifying a type of service that should be performed on the item of content 
before the service result is delivered to client device 1 50. That information can 
take many forms. In one form, message 1 specifically identifies a type of service 
(e.g., background removal or speech recognition). In another form, message 1 
identifies attributes of client device 150, such as its memory capacity, screen 
size, processing capability and the like. Based on these attributes, system 100 
(e.g., portal 140) can derive a type of service that should be performed (e.g., 
transcoding). In yet another form, message 1 identifies the type of client device 
150, and based on stored knowledge of that type of device, system 100 (e.g., 
portal 140) can derive a type of service that should be performed (e.g., 
transcoding). 
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Message 1 can include other information. If the source of the item of 
content is known by client device 1 50, then the content source can also be 
identified in message 1. For example, message 1 can include the Uniform 
Resource Locator (URL) for content source 1 1 0. If the source of the item of 
content is not known to client device 150, the content source can be located by 
system 100 (e.g., by portal 140) if that information is not already known to 
system 100. 

After receiving message 1, portal 140 sends message 2 to SLM 120. In 
one embodiment, message 2 includes information sufficient for identifying a 
type of service that should be performed on the item of content before the 
service result is delivered to client device 150. As just described, that 
information can take many forms. In one form, message 2 specifically identifies 
a type of service (e.g., background removal or speech recognition). In another 
form, message 2 identifies attributes of client device 150, such as its memory 
capacity, screen size, processing capability and the like. Based on these 
attributes, system 100 (e.g., SLM 120) can derive a type of service that should 
be performed (e.g., transcoding). In yet another form, message 2 identifies the 
type of client device 150, and based on stored knowledge of that type of device, 
system 100 (e.g., SLM 120) can derive a type of service that should be 
performed (e.g., transcoding). Based on the information provided by message 2, 
SLM 120 identifies the type of service to be performed. 

Message 2 can include other information. For example, message 2 can 
also identify the item of content and/or the content source. 
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Service providers 130 and 132, and the services they are capable of 
providing, are known to SLM 120. Also known to the SLM 120 are certain static 
server provider and network characteristics, such as computational and memory 
resources of network coupled devices, connectivity and expected bandwidth 
and latency between servers, client/content addresses, session dispatch 
history, and network proximity. In addition, according to some embodiments the 
identity of special purpose hardware (e.g., encryption or compression) used by 
the service provider will be known, allowing the SLM 120 to take into account 
static characteristics of the special purpose hardware in its selection of suitable 
service providers. Moreover, the SLM may receive periodic transmissions of 
service session information from service providers 130 and 132. This 
information may come in the form of service session start-up and tear-down 
information (e.g., service session initiation and termination information). 
It should be appreciated that a combination of some or all of the service 
provider and network characteristics and service session information described 
using static information and dynamic measurements can be employed by the 
SLM in the selection of a service provider. It should be appreciated that using 
this information SLM 120 selects either service provider 130 or 132 (or other 
coupled service providers) to perform the service identified from message 2. 

According to one embodiment, SLM 120 selects either service provider 
130 or 132 at based on their suitability (in terms of determined resource 
availability, e.g., service capability and resource usage) to provide a particular 
service. Also, in one embodiment, service location manager 120 can select 
either service provider 130 or 132 at random. In another embodiment, SLM 120 
can select either service provider 130 or 132 using a scheme such as a round- 
robin scheme. 
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In yet another embodiment, SLM 120 maintains a history or record of 
service providers which are servicing other sessions already in progress. That 
is, as mentioned previously, there can be multiple client devices, each 
participating in a session (e.g., each requesting an item of content). For those 
other sessions in which the item of content is being serviced, SLM 120 will have 
selected a service provider to perform the service. In the present embodiment, 
SLM 120 maintains a record of the service providers that were selected to 
provide services for those other sessions. It should be appreciated that session 
dispatch history may include information concerning content length. Based on 
the information in the record, SLM 120 can select a service provider for the new 
session with client device 150. For example, based on the information in the 
record, SLM 120 can assess which service providers are busiest relative to the 
other service providers. The record can be updated by SLM 120 using a variety 
of approaches to be described further below. 

In the example of Figure 1, SLM 120 selects service provider 130. SLM 
120 then sends message 3 to portal 140. Message 3 includes information 
sufficient for locating and contacting service provider 130. For example, 
message 3 can include the URL for service provider 130. 

Message 3 can include other information. For example, message 3 can 
also identify the item of content and/or the content source. 

After receiving message 3, portal 140 sends message 4 to client device 
150. Message 4 includes the information for locating and contacting service 
provider 130 that was provided by message 3. Message 4 can be identical to 
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message 3 (message 4 may simply be a forwarding of message 3). However, 
message 4 can include other (additional) information added by portal 140. For 
example, message 4 can also identify the item of content and/or the content 
source if that information is determined by portal 140 instead of service location 
manager 120. 

In an alternate embodiment, in lieu of messages 3 and 4, SLM 120 sends 
a message directly to client device 150. The message from SLM 120 to client 
device 150 includes the information for locating and contacting service provider 
130. The message can include other information such as the identity of the item 
of content and/or the content source. 

In any case, client device 150 receives a message that includes 
information sufficient for locating and contacting service provider 130. Based on 
that information, communication is established between client device 150 and 
the service provider 130. In other words, the session initiated by client device 
150 is automatically transferred from portal 140 to sen/ice provider 130. 
Importantly, the transfer from portal 140 to service provider 130 is seamless and 
transparent to an end user at client device 150. 

In one embodiment, the message received by client device 150 (e.g., 
message 4) uses or is based on Synchronized Multimedia Integration 
Language (SMIL). Redirection of client device 150 from portal 140 to service 
provider 130 can be accomplished using dynamic SMIL rewriting. 

Continuing with the example in view of Figure 1 , after receiving message 
4 from portal 140 (or an equivalent message from SLM 120), client device 150 
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sends message 5 to service provider 130. Message 5 identifies the item of 
content and the type of service to be performed by service provider 120. 
Message 5 can include other information. For example, if the content source is 
known at this point to client device 150, that information can be included in 
message 5. 

Upon receiving message 5, service provider 130 sends message 6 to 
content source 110. As mentioned above, content source 110 can be identified 
to service provider 130 in message 5. Otherwise, service provider 130 can 
locate content source 110. In message 6, service provider 130 requests that the 
item of content be provided. 

In response to message 6, content source 110 sends the item of content 
to service provider 130 for servicing (illustrated by arrow 7 in Figure 1). In one 
embodiment, the item of content is streamed to service provider 130. 

In one embodiment, service provider 130 is always set up and ready to 
execute the specified service. That is, the specified service can be continuously 
executing on service provider 130, waiting for data to operate on. In another 
embodiment, the specified service is quiescent until either message 5 or the 
item of content is received by service provider 130. That is, service provider 130 
may need to set up or start up the specified service, and will not do so until the 
potential need for the service is identified or until there is an actual need to 
perform the service. 

In any case, service provider 130 can then perform the specified service 
on the item of content. The item of content can be cached by service provider 
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130 in whole or in part before servicing, or the item of content can be serviced 
as it is received by service provider 130. 

The service result content is then sent by service provider 130 to client 
device 150 (illustrated by arrow 8 in Figure 1). In one embodiment, the service 
result content is streamed to client device 150. The service result content can be 
cached by service provider 130 in whole or in part after servicing (before 
streaming), or the service result content can be streamed as it is serviced by 
service provider 130. 

Once the service result content has been delivered by the selected 
service provider (e.g., service provider 130) and received by client device 150, 
the ongoing session can be terminated. In an embodiment in which a history or 
record is maintained by SLM 120, the history or record can be updated to reflect 
that the service provider 130 has completed its servicing tasks. Different 
approaches can be used to prompt an update of the record. In one approach, at 
or around the time that the SLM 120 is making a selection of a service provider, 
the SLM 120 estimates the amount of time needed to complete the service to be 
performed on the item of content. The record can be updated to reflect that the 
service has been completed when that amount of time has passed. 

Alternatively, the selected service provider (e.g., service provider 130) 
can provide an indication to the SLM 120 when it has completed a service, and 
the record can be updated accordingly (e.g., messages A and B). These 
approaches can be extended to account for the delivery of the service result 
content to client device 150. For example, the amount of time estimated by the 
SLM 120 for service provider 130 to perform the service can be increased to 
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account for any additional time needed by service provider 130 to send the 
service result content to client device 150. Similarly, service provider 130 can 
indicate to SLM 120 when it has completed sending the service result content to 
client device 150. 

In the discussion above, the item of content is sent to service provider 
130 in response to message 6. As mentioned previously herein, service 
provider 130 can instead store or cache content previously received and/or 
serviced, obviating the use of message 6 and the response to message 6 (e.g., 
obviating the data flow indicated by arrow 7 in Figure 1). 

It should be appreciated that, as previously discussed, the selection of a 
service provider (e.g., 130 etc.) can be made based on a combination of data 
that is maintained by the SLM 120 and data that is transmitted to the SLM 120 
from the service providers (e.g., 130 and 132). By using both types of data a 
more complete picture of available resources may be ascertained. This 
approach allows the service location manager to adapt its selection of a service 
location (e.g., service provider) to more closely coincide with available 
resources. 

In overview, a client device 150 seeking a service contacts system 100 
(e.g., portal 140). The client device 150 is redirected to a provider of the service 
(e.g., service provider 130). Content from a content source (e.g., content source 
1 10) is sent (e.g., streamed) to the client device via the service provider. Thus, 
in one embodiment, system 100 is for streaming media from a content source to 
a client device. 



19 



200313228-1 

For purposes of the present application, streaming media as used herein 
means data that is communicated between network nodes in a continual 
manner. Examples include streaming audio and video, which may have strict 
time constraints on delivery. In these examples, if portions of these streams are 
delivered too late, the portions will be ignored due to tardiness (they are too late 
to affect what is being played by the client application and are therefore largely 
useless). Alternatively, if portions of these streams are delivered too early, they 
will be lost due to buffer constraints within the service or client application. 
Other examples of data that is transmitted in a continual manner include 
streams of measurements or streams of experimental results. These types of 
streams include weather readings from remote sensors and temperature 
readings from cooling systems. In these examples, there are no strict time 
constraints on the delivery; however, the data transmission has a temporal 
component that is best served by seamlessly ongoing transmissions. 

As such, by using streaming media, the effect of service placement has a 
long-lived effect on resources of both the network and the server nodes. For 
example, in transcoding a movie for viewing under streaming conditions, the 
data will span as much as two hours and therefore the transcoding session may 
span as much as two hours of the server time. For other types of streaming 
(e.g., instrument readings), the duration of the stream and of the service being 
done on the stream can be never-ending. The computational resources of the 
server node are affected for long periods of time with uncertain durations. 

20 



200313228-1 

Similarly, the network resources at the server node, on all the links between the 
server and the content provider, and between the server and the client machine, 
will be affected for long periods of time with uncertain durations. This is in 
marked contrast to more classic network transactions in which the data transfer 
is done in a block, often in less terms of seconds or minutes and in which the 
service performed on that data has a constrained duration. 

In an embodiment that deals with streaming media, the following are 
some of the issues that need to be considered; that is, in comparison to web- 
based distribution, and web-based business transactions and/or downloads, 
streaming media has the following characteristics that need to be addressed: 
a large amount of data - the end point of the data may not be known, and 
caching a number of items of content can consume significant memory 
resources; time-ordered data - the temporal order in which data is received can 
be important; access may not be carried through to completion - for example, 
only some portion of an item of content may be accessed (e.g., the first couple of 
minutes of a full-length movie); bandwidth needed cannot be determined 
without some degree of understanding of the subject media - for example, one 
video file may be at a high spatial resolution, and another video file may not, 
and so while the files, both being video files, may appear to be the same, their 
respective bandwidth may be quite different; jitter in latency or bandwidth can 
be problematic - a consistent latency may be acceptable, but latency that varies 
considerably during a session can be problematic because of buffer overflow or 
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underflow; inadequate computation or bandwidth resources can make results 
useless due to time constraints; data is typically encoded (compressed), and so 
loss or lateness of some part of the data can have consequences on 
subsequent data decoding (decompression); lost data is not typically 
retransmitted due to time constraints; and a record of state should be 
maintained for all client devices - for streaming media, the streaming node 
needs to continue streaming data, and cannot wait to receive state information 
from clients. The result of these differences is to greatly increase the need for 
management and monitoring of services performed on streaming media. 

Figure 2A is a block diagram showing information flow in and out of 
system 100 according to another embodiment of the present invention. A 
difference between Figure 1 and Figure 2A is the addition of message C from 
service location manager (SLM) 120 to the selected service provider (e.g., 
service provider 130). The message C can be sent from service location 
manager 120 to service provider 130 at any time after message 2 and before 
message 5. 

Message C can be used for any number of different purposes. For 
example, in a situation in which the type of service to be performed on the 
specified item of content is not continuously executing on service provider 130, 
message C can be used to alert service provider 130 to the approaching need 
for the service. Consequently, the set up and/or start up of the service can be 
initiated and perhaps completed before message 5 is received from client 
device 150, reducing overall latency. 
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Also, message C can be used to provide to service provider 130 the 
identity of the item of content and perhaps the identity of the content source 110. 
With this information, service provider 130 can request content source 1 10 to 
provide (e.g., begin streaming) the item of content before message 5 is 
received, further contributing to a reduction in latency. In addition, the use of 
message C in this manner can result in improved security, because the content 
source 110 does not have to be identified to the client device 150, for example. 

Furthermore, message C can be used in lieu of messages 3, 4 and 5 as 
illustrated by Figure 2B. For instance, in addition to identifying the item of 
content and perhaps the content source, message C can also include 
information enabling service provider 130 to establish communication with 
client device 150. In other words, instead of having client device 150 initiate the 
transfer of communication from portal 140 to service provider 130, the transfer of 
communication can be initiated by service provider 130 in a manner that 
remains seamless and transparent to a user of client device 150. 

As discussed with reference to Figure 1, messages A and B represent 
(shown in Figure 2A) information transmissions made from the service providers 
(e.g., 130 and 132) to SLM 120 that indicate that a service session has been 
initiated and terminated. This information provides the SLM 120 with useful data 
regarding the computational resources used in previous service sessions, and 
provides an accurate view of the service provider (e.g., 130) resource state. 

Figure 3 is a flowchart 300 of a method for servicing content and 
delivering service result content according to one embodiment of the present 
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invention. Although specific steps are disclosed in flowchart 300, such steps are 
exemplary. That is, embodiments of the present invention are well suited to 
performing various other steps or variations of the steps recited in flowchart 300. 
It is appreciated that the steps in flowchart 300 may be performed in an order 
different than presented, and that not all of the steps in flowchart 300 may be 
performed. 

All of, or a portion of, the methods described by flowchart 300 can be 
implemented using computer-readable and computer-executable instructions 
which reside, for example, in computer-usable media of a computer system or 
like device. In the present embodiment, flowchart 300 is implemented by system 
100 of Figures 1 and 2A. That is, some of the steps recited in flowchart 300 are 
performed by portal (e.g., 140), others by service location manager (e.g., SLM 
120), and yet others by sen/ice provider (e.g., 130 and 132) of Figures 1 and 2. 

In step 302 of Figure 3, during a session with a client device, a portal 
receives a request from the client device, identifying an item of content. The 
request can include other information. In one embodiment, with reference to 
Figures 1 and 2A, portal 140 receives message 1 from client device 150. 

In step 304 of Figure 3, a type of service to be performed on the item of 
content is identified. The type of service can be identified in the request of step 
302, or it can be derived based on information provided in that request. 
Referring to Figures 1 and 2A, the type of service can be identified by the client 
device 150, by the portal 140, or by the service location manager 120. 
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In step 306 of Figure 3, a provider of the type of service to be performed 
is selected from a number of providers capable of performing the service. In one 
embodiment, with reference also to Figures 1 and 2A, a service provider (e.g., 
service provider 130, etc.) is selected by SLM 120. According to one 
embodiment, the selection is based on static server provider and network 
characteristics known to the SLM 120. Static server provider an network 
characteristics can include but are not limited to dispatch history, and 
information provided by the service providers related to the initiation and 
termination of previous sessions if such information has been received. It 
should be appreciated that session initiation and termination information 
provides the SLM 120 with useful data regarding the computational resources 
used in previous sessions and allows the SLM 120 to adapt its selection of a 
service location (e.g., service provider) to coincide with available resources. 

In addition, as mentioned above, SLM 120 can select a service provider 
at random or using a scheme such as a round-robin scheme. Alternatively, SLM 
120 can maintain a record that reflects which of the service providers other 
sessions have been transferred to. In this latter approach, SLM 120 selects a 
service provider based on the information in the record. It should be 
appreciated that a combination of some or all of the service provider and 
network characteristics information and service session information noted 
above can be employed by the SLM in the selection of a service provider. 

In step 308 of Figure 3, communication with the client device is 
transferred from the portal to the selected service provider. In other words, the 
session is transferred from the portal to the selected service provider. 
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In step 310 of Figure 3, a source of the item of content is identified. 
Referring to Figures 1 and 3, the source of the item of content can be identified 
by the client device 150, by the portal 140, by the SLM 120, or by the selected 
service provider (e.g., service provider 130). The content source is then 
contacted to begin delivery of data for the item of content to the selected service 
provider. 

In step 312 of Figure 3, the item of content is received by (e.g., streamed 
to) the selected service provider. 

In step 314, the item of content is serviced according to the specified type 
of service. Data constituting the item of content can be serviced as the data are 
received at the service provider, or the data can be cached before servicing. As 
mentioned above, an item of content may have been serviced, may be in the 
process of being serviced, may not be serviced, or may not yet be serviced. 
Servicing of an item of content can include the analysis or processing of an item 
of content. Service result content may consist of: a modified version of the 
original serviced item of content (e.g., when background removal is applied to a 
video stream); an item of content that is derived from the original item of content 
(e.g., when optical character recognition is used to produce text output); an item 
of content that is passed through a service provider and is not modified but 
merely forwarded (e.g., content that does not require transcoding when 
received by a transcoding service provider); or an item of content that has been 
previously sent to a service provider and is now cached/stored on the service 
provider (e.g., content that was previously serviced and is now stored in 
memory at the service provider). Additionally, service result content may consist 
of any combination of the above examples. 
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In one embodiment, the service is executed continuously by the service 
provider. In another embodiment, the service is not set up or does not start 
operating until the client device establishes communication with the service 
provider. In yet another embodiment, the service is set up and/or starts up after 
the service provider is identified by the service location manager, before the 
client device establishes communication with the service provider. For 
example, with reference to Figures 2A and 2B, after SLM 120 selects service 
provider 130 as a provider of the specified type of service, a message C is sent 
to service provider 130, causing service provider 130 to set up and/or start up 
the service. 

In step 316 of Figure 3, the service result content is sent (e.g., streamed) 
to the client device. The data constituting the service result can be sent as the 
input data are serviced, or the service result data can be cached before it is 
sent. 

The steps 312, 314 and 316 can be performed concurrently. That is, the 
selected service provider (e.g., service provider 130 of Figures 1 and 2A) can 
begin servicing the item of content before the entire item of content is received 
at service provider 130, and service result data can begin to flow out of service 
provider 130 before the servicing of the entire item of content is completed. 
Similarly, the servicing of one portion of an item of content can be in progress 
while the result of servicing another portion of the item of content is being 
received by the client device. 
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Once the service result content is delivered to client device 150 (Figures 
1 and 2A), the session can be terminated. It should be noted that a session may 
be terminated either upon completion of a session or prior to completion if a tear 
down of the session is requested (e.g., such as by client device 150 or SLM 
120). In an embodiment in which SLM 120 keeps some sort of record of 
providers that have been assigned sessions, the record can be updated once 
the session is terminated or once a service provider has serviced an item of 
content. Approaches for updating the record have been described above. 

Figure 4 is a flowchart 400 of a method for managing the servicing of 
content according to one embodiment of the present invention. Although 
specific steps are disclosed in flowchart 400, such steps are exemplary. That is, 
embodiments of the present invention are well suited to performing various 
other steps or variations of the steps recited in flowchart 400. It is appreciated 
that the steps in flowchart 400 may be performed in an order different than 
presented, and that not all of the steps in flowchart 400 may be performed. 

All of, or a portion of, the methods described by flowchart 400 can be 
implemented using computer-readable and computer-executable instructions 
which reside, for example, in computer-usable media of a computer system or 
like device. In the present embodiment, flowchart 400 is implemented by system 
100 of Figures 1 and 2A. Specifically, flowchart 400 is implemented by service 
location manager 120 of Figures 1 and 2. 

In step 402 of Figure 4, referring also to Figures 1 and 2A, a first message 
(e.g., message 2) is received from portal 140, identifying an item of content. 
Portal 140 is in communication with client device 150. 
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In step 404 of Figure 4, a type of service to be performed on the item of 
content is identified. The type of service can be identified in the message of step 
402. Referring to Figures 1 and 2A, the type of service can be identified by the 
client device 150, by the portal 140, or by the service location manager 120. 

In step 406 of Figure 4, a provider of the type of service is selected from a 
number of providers capable of performing the service. In one embodiment, with 
reference also to Figures 1 and 2A, a service provider (e.g., service provider 
130, etc.) is selected by SLM 120. According to one embodiment, the selection 
is based on static server provider and network characteristics known to the 
SLM, dispatch history, and information provided by the service providers related 
to the initiation and termination of previous sessions if such information has 
been received. It should be appreciated that session initiation and termination 
information provides the SLM 120 with useful data regarding the computational 
resources used in previous sessions and allows the SLM 120 to adapt its 
selection of a service location (e.g., service provider) to coincide with available 
resources. 

In step 408 of Figure 4, in one embodiment, a second message (e.g., 
message 3 of Figures 1 and 2A) is sent to the portal. In another embodiment, 
the second message is sent to the client device, bypassing the portal. The 
second message includes information that identifies the selected service 
provider, allowing communication between the client device to be transferred 
from the portal to the service provider (e.g., from portal 140 to service provider 
130 of Figures 1 and 2A). 
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In step 410 of Figure 4, in one embodiment, a third message (e.g., 
message C of Figures 2A and 2B) is sent to the selected service provider. The 
third message can include the identity of the item of content and/or the identity 
of the content source. The third message can also be used to alert the service 
provider, allowing the service provider to begin setting up and/or executing the 
service (if the service is not already executing). In response to the third 
message, the service provider can also contact the content source, to initiate 
delivery (e.g., streaming) of the item of content from the content source to the 
service provider. In lieu of a third message, the activities just described can 
begin in response to the client device and the service provider establishing 
communication. Service result content is then sent (e.g., streamed) from the 
service provider to the client device. 

In summary, embodiments of the present invention provide methods and 
systems that can provide services to a large number of diverse client devices. A 
variety of services are provided to accommodate the preferences and 
requirements of the diverse clients. To avoid congestion, the services are 
provided by a number of service providers managed by a service location 
manager. Items of content requested by the client devices are directed to the 
service providers for servicing based on service provider resource availability. 
However, the client devices need only contact a well-published portal site to 
begin a session and to request items of content. The client devices are 
automatically and transparently transferred to the appropriate service provider 
during the session. From the perspective of the client device, there is a single 
point of contact. Transparent to the client device is the flow of messages and 
data through the content delivery system that results in the delivery of service 
result content to the client device via a service provider selected by the system. 
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Transparent to the end user at the client device is the seamless transfer of the 
session from the initial point of contact to the selected service provider. 

The foregoing descriptions of specific embodiments of the present 
invention have been presented for purposes of illustration and description. 
They are not intended to be exhaustive or to limit the invention to the precise 
forms disclosed, and it is evident many modifications and variations are 
possible in light of the above teaching. The embodiments were chosen and 
described in order to best explain the principles of the invention and its practical 
application, to thereby enable others skilled in the art to best utilize the 
invention and various embodiments with various modifications as are suited to 
the particular use contemplated. It is intended that the scope of the invention be 
defined by the Claims appended hereto and their equivalents. 
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